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Description

Background

[0001] In recent years, innovation in the area of silicon
integrated circuits has proved to be a major factor in the
growth of the electronics industry. Current devices are
of a scale on the order of tenths of micrometers. One
goal of circuit designers is to further reduce the size of
the chip space required for circuit components. Reducing
the utilized chip space may reduce the amount of power
required to operate the chip, may reduce the temperature
of the circuit, and may allow the circuit to operate faster
and more efficiently. Some solutions have been pro-
posed to create silicon integrated circuits on the nanom-
eter scale, but they all have limitations.
[0002] An extension of silicon processing has enabled
microelectromechanical systems (MEMS) development.
By incorporating deposition, etch and photo lithography
processing, micron scale mechanical structures can be
combined with electronic devices.
[0003] On the nanometer scale, there is much interest
in creating structures to enable chemical and biological
sensors, nanoelectronics and photonic devices. Some
approaches to constructing nanometer scale structures
include fine scale lithography, nanoimprint lithography,
direct writing of device components, and the direct chem-
ical synthesis and linking of components with covalent
bonds. Each of these conventional approaches has their
own drawbacks.
[0004] Fine scale lithography utilizes X-rays, electrons,
ions, scanning probes, or stamping to define device com-
ponents on a silicon integrated circuit. Device alignment
is a major problem with fine scale lithography. The wafer
on which the devices are built must be aligned to within
a fraction of a nanometer in two or more dimensions. This
level of control is extremely expensive to implement. E-
beam lithography, a type of fine scale lithography, is ca-
pable of producing lines on small scale, but is limited in
the size and range over which the lines can be written.
The E-beam lithographic method also requires a high
vacuum, which precludes the use of most organic mate-
rials in producing nanoscaled components. Additionally,
E-beam lithography is slow and expensive, making it
commercially impractical.
[0005] Another conventional method for producing
lines is Nano Imprint Lithography ("NIL"). This method
requires the use of molds. These molds are typically cre-
ated by E-beam lithographic methods and require high
pressure. Limitations exist with respect to mold release
and defect replication.
[0006] The direct writing of the device components by
electrons, ions, or scanning probes also has drawbacks.
This is a serial process. Therefore, the direct writing of a
wafer full of complex devices, each containing trillions of
components, requires an extraordinary amount of time.
This makes direct writing impractical to implement in
large-scale commercial applications.

[0007] Another method is direct chemical synthesis
and linking of components with covalent bonds. The
problem with this method is that the only known chemical
analogues of high information content circuits used have
been proteins and DNA. Both of these chemical ana-
logues have extremely complex and, to date, unpredict-
able secondary and tertiary structures that cause them
to twist into helices, fold into sheets, and form other com-
plex three-dimensional structures. The resulting topog-
raphy is not useful for making nanoscale structures.
[0008] Therefore, a need exists for a method and sys-
tem that can create well ordered nanoscale structures
using commercially feasible processes.
[0009] IBM Technical Disclosure Bulletin, vol. 38, no.
10 pages 385-386, October 1995 describes an alignment
layer fabrication method using a stamp for multi-domain
liquid crystal display. A microscopic pattern on the stamp
surface given some alignment patterns on the alignment
layer at printing.
[0010] Y Xia et al, "Pattern transfer: Self-assembled
monolayers as ultrathin resists", Microelectronic Engi-
neering 32 (1996) 255-268 describes techniques for gen-
erating patterned self-assembled monolayers.
[0011] According to an aspect of the present invention,
there is provided a method of creating an ordered mon-
olayer of molecules on a substrate as recited in claim 1.
[0012] Preferred features of this aspect are recited in
the dependent claims.

Brief Description of Drawings

[0013]

Figure 1 is an illustration of a nanoscale component
made according to an embodiment of the invention;
Figure 2a is an illustration of an organic molecule for
use in a method of making a nanoscale component
according to an embodiment of the invention;
Figure 2b is an illustration of an organic molecule for
use in a method of making a nanoscale component
according to an embodiment of the invention;
Figure 3 is an illustration of the application of a so-
lution for use in a method of making a nanoscale
component according to an embodiment of the in-
vention;
Figure 4 is an illustration of an aligning substrate
surface with a monolayer of self-assembled organic
molecules for use in a method of making a nanoscale
component according to an embodiment of the in-
vention;
Figure 5 is an illustration of an aligning substrate
surface with the monolayer of organic molecules be-
ing applied to a target substrate for use in a method
of making a nanoscale component according to an
embodiment of the invention;
Figure 6 is an illustration of a target substrate having
a highly ordered pattern of organic molecules on its
surface for use in a method of making a nanoscale
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component according to an embodiment of the in-
vention;
Figure 7 is an illustration of a target substrate having
highly ordered pattern of organic molecules on its
surface and having substrate etched away to make
a nanoscale component according to an embodi-
ment of the invention;
Figure 8 is a flow chart illustrating a method of making
a nanoscale component according to an embodi-
ment of the invention; and.
Figure 9 is a flow chart illustrating a method of making
a nanoscale component according to an embodi-
ment of the invention.

Detailed Description

[0014] Embodiments of the invention are directed to
methods for creating well-ordered nanoscale features.
Processes for creating nanoscale features are critical to
enabling the development of nanoscaled integrated cir-
cuits. For example, features such as conductors and di-
electrics can be developed on a substrate, as can other
types of materials, such as gold, Au, nanoparticles could
be conductors. Aligning organic molecules could be di-
electrics used for certain components. As discussed
above, the benefits of smaller scaled integrated circuits
include faster processing times and lower temperatures
when implemented in computing devices. It will be ap-
preciated by those skilled in the art, however, that other
embodiments of the invention may be implemented in
applications where nanoscale features are useful, with-
out departing from the scope of the invention, which is
defined in the appended claims.
[0015] In one embodiment, self-assembling organic
molecules are used to create nanoscaled features on an
aligning substrate. The processes utilize the tendency of
certain organic molecules to self-assemble into ordered
patterns on certain substrates. The aligning substrate is
made of a material that will facilitate self-assembly of
organic molecules. Graphite, for example, would be an
aligning substrate. It has a highly ordered crystal plane
which adsorbs alkyl-cyano biphenyl molecules resulting
in an ordered monolayer via self-assembly. This ordered
layer is the foundation for building multiple structures on
the nanoscale.
[0016] In one embodiment, the ordered layer formed
on the aligning substrate would be used as an aligning
surface to another species, either atomic, molecular or
particulate. The species applied would preferentially
align to a specific functional group. As such, multiple
modifications of the surface could be performed resulting
in multiple layers or chemical modifications of well-or-
dered structures defined by the initial layer formed on the
aligning substrate.
[0017] In another embodiment, the ordered layer
formed with or without modification on the aligning sub-
strate is transferred to a target substrate. This self-as-
sembled array may then be utilized as a mask. The ma-

terial surrounding the mask may be etched to create na-
noscale features in the masked areas.
[0018] According to an embodiment of the invention,
the parameters of the nanoscale features can be control-
led. For example, if the nanoscale features are wires: the
length, width, height, distance apart, and number of wires
may be controlled by the use of different process steps
and process components. The desired parameters of the
nanoscaled wires are, in part, a function of the composi-
tion of the organic molecules. Embodiments of the inven-
tion provide means to allow a designer to vary the pa-
rameters of certain circuit components on a nanoscale.
Therefore, the composition of the organic molecule is a
design choice made based on the desired parameters of
the final product.
[0019] Referring to Figure 1, one example of a resulting
component having nanoscaled features is provided. The
component 100 comprises a substrate 110 with lines 120,
130 positioned on the substrate’s 110 surface. If used as
electrical lines these structures 120, 130 would be made
of metal. These structures could be made of other ma-
terials depending on the application. The structures 120,
130 are defined by a height, h, a width, w, and a length,
1, and are separated by a space d. According to an em-
bodiment of the invention, sub-nanoscale dimensions
and position of the structures can be controlled. These
dimensions and positions may vary in practice. However,
according to an embodiment of the invention, the struc-
tures created can be substantially straight and parallel,
and will also be of a consistent width and height.
[0020] At the beginning of the process, the organic mol-
ecules, having head groups and tail groups, may be pre-
pared in a solution. The organic molecule is then intro-
duced to the aligning substrate in solution or via other
transport mechanisms. The molecules could also be in-
troduced by liquid injection, or other transport mecha-
nisms are possible.
[0021] When the organic molecules come into contact
with the aligning substrate, the organic molecules spon-
taneously self assemble, forming monolayer arrays. The
monolayer arrays form a highly ordered pattern, as the
organic molecules line up in pairs with head groups pair-
ing with other head groups, and tail groups pairing with
other tail groups to form parallel rows. The term "highly
ordered" is a relative term indicating a periodic pattern
created by the self-assembled molecules. According to
an embodiment of the invention, the distance between
parallel rows of paired organic molecules can be control-
led based on the selection of the organic molecules and
process solutions. The graphite lattice constrains the
head spacing. The chain and functional group can pro-
vide added steric forces, which may affect which sites
the head groups adsorb. The choice of head group would
also affect spacing of molecules. The result is an array
of organic molecules having pairs of head groups that
are lined up by their head groups and separated by their
tails in a substantially straight and parallel manner. Weak
Van der Waals forces bind the organic molecules to the
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substrate.
[0022] This ordered array of molecules may then be
used in two distinct ways. First, the surface of the aligning
substrate that holds the self-assembled monolayers of
organic molecules is treated with molecules or particles
that preferentially interact with the head groups of the
ordered array on the aligning substrate. These interacting
molecules or particles may be delivered in the gas, liquid
or solution phase. The molecules or particles are allowed
to remain in contact with the self-assembled monolayers
of organic molecules until a secondary array is created.
In this way, an ordered array of molecules or particles
with desired electrical, chemical or material properties
can be created from molecules or particles that would
not otherwise have assembled into a nanoscale array.
Alternatively, the surface of the aligning substrate that
contains the self-assembled monolayers of organic mol-
ecules is brought into direct contact with the target sub-
strate. To assure adequate contact between the aligning
substrate and the target substrate surface, slight pres-
sure may be applied. The composition of the organic mol-
ecule is chosen such that one end of each organic mol-
ecule will be strongly attracted to the material composing
the target substrate surface. This end anchors the organ-
ic molecule to the target substrate. When the organic
molecules contact the target substrate, the anchors at-
tach to the surface of the target substrate. When the align-
ing substrate is removed from the target substrate, the
anchors of the organic molecules remain attached to the
target substrate. The rest of the composition of the or-
ganic molecule is chosen such that it will not be attracted
to the target substrate, and only weakly attracted to the
aligning substrate. Therefore, when the aligning sub-
strate is removed from the target substrate, the portion
beyond the anchor end of the organic molecule detaches
from the aligning substrate and then stands up and away
from the target substrate surface. Anchored to the target
substrate at one end, each organic molecule forms a sub-
stantially perpendicular line on the target substrate’s sur-
face.
[0023] In addition, other layers may be optimally add-
ed. Multiple layers may be layered upon each other to
provide different characteristics, different layers, different
structures and different textures to the device being cre-
ated. The processes described herein and equivalent
processes can be performed on multiple layers according
to embodiments of the invention.
[0024] A narrow space exists between each pair of an-
chor ends. A relatively wider space exists between neigh-
boring non-paired anchor ends. The wider spaces are
revealed as the organic molecules stand up. In practice,
the choice of different compositions of organic molecules
can be used to predictably control and create the spacing
between the rows of organic molecules. The spaces be-
tween the non-paired anchor ends will be a function of
the length of the organic molecules.
[0025] The organic molecules standing up on the target
substrate can be used in a nanoscale circuit as a dielec-

tric. Alternatively, the areas of the target substrate that
are not covered by the organic molecules may be etched
away, leaving rows of nanoscaled material on the target
substrate. As a further step, the organic molecules at-
tached to the nanoscaled material may be removed with
an appropriate solvent or etch. If the substrate has a layer
of conductive material such as gold, nanoscaled wires
can be formed on the target substrate. Thus, nanoscaled
wires can be formed accordingly, and their parameters
and orientation can be controlled using this method.
[0026] A method for creating a circuit, such as that
shown in Figure 1, utilizes an organic molecule that has
a tendency to self-assemble into ordered patterns. In one
embodiment, after the self-assembly occurs, ordered
rows of organic molecules are created on a substrate
surface and can be used as an etch mask. In another
embodiment, the ordered rows of organic molecules can
be used as a dielectric circuit component. As discussed
below, the head group is made up of a subgroup and
optionally a functional group. The tail group is composed
of an alkyl chain having one end attached to the head
group, and the other end extending away from the head
group. The length of the tail will determine the distance
between one row of self-assembled head group pairs
and another row of self-assembled head group pairs.
[0027] Generally, an embodiment of the invention is
directed to molecules that have a tendency to self-align
under certain circumstances. Referring to Figure 2a, a
general block diagram of a functional group and corre-
sponding sub-group that make up the head group and a
tail group are illustrated. Some molecules have a ten-
dency to line up, where the head groups line up with the
head groups, and the tail groups line up with the tail
groups. In one embodiment, the organic molecule used
is an alkyl-cyanobiphenyl liquid crystal. Alkyl-cyanobi-
phenyls are organic molecules. Alkyl-cyanobiphenyl liq-
uid crystals adopt the generic structure represented in
Figure 2b. Embodiments of the invention are not limited
to the use of substituted biphenyls, but extends to other
molecules that have graphite-like subgroups, such as
phenanthrenes, 1,6-diphenylbenzene, and other similar
molecules. Such molecules have a tendency to self as-
semble into highly ordered patterns on a graphite sur-
face, such as a HOPG surface. An alkyl-cyanobiphenyl
has two organic subgroups, the cyano biphenyl and an
alkyl chain. The biphenyl is a graphite-like subgroup that
is part of the head of the molecule. Graphite-like can in-
clude any molecular group having sp2 hybridization that
resembles a fragment of a graphite sheet. Aromatic rings
are an example of sp2 hybridization useful in the practice
of embodiments of the invention. The alkyl is a straight
chain saturated hydrocarbon that defines the tail group
of the molecule. The alkyl references an undefined al-
kane (single bonded carbon atoms) chain length. For ex-
ample, a "hexyl" prefix of an alkyl indicates six atoms in
the chain length, "octyl" defines eight, "decyl" defines ten,
etc. Again, according to embodiments of the invention,
the solution and the length of the chain, or the tail group,
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determines the distance between the self-assembled or-
ganic molecules.
[0028] An embodiment of the invention is directed to
the self-assembly of the molecules at the surface of the
aligning substrate. Though the embodiment being de-
scribed in Figure 2 refers to an alkyl-cyanobiphenyl liquid
crystal, not all embodiments will display liquid crystalline
properties. Other organic molecules that have graphite-
like subgroups, for example, would behave in the same
manner. The biphenyl subgroup is illustrated and de-
scribed as one embodiment. This invention is not limited
to any particular graphite-like subgroup. In other embod-
iments, molecular groups having sp2 bond hybridization
will have graphite-like properties and can be useful sub-
stitutions for the alkyl-cyanobiphenyl liquid crystal.
[0029] "Cyano" refers to the CN functional group on
the biphenyl subgroup. This cyano functional group may
be substituted with another functional group based on
the functional group’s attractive properties. According to
embodiments of the invention, different functional groups
are attracted to different materials. In this embodiment,
a thiol functional group is substituted for the cyano func-
tional group. Thiol references a class of materials that
incorporate a thiol functional group with one sulfur atom.
The thiol is used to cause the organic molecule to be
attracted to gold. Another example of a functional group
that could be substituted for the cyano is isocyanate. Iso-
cyanate is attracted to platinum and palladium. Other ex-
amples of functional groups include amines, isonitriles,
and other similar groups.
[0030] Referring to Figure 3, a solvated preparation of
the substituted alkyl-cyanobiphenyl is applied onto an
aligning substrate 310. The aligning substrate 310 con-
tains highly ordered pyrolytic graphite (HOPG). This
process could also be performed by other methods, in-
cluding liquid injection, precursors in a gas phase, and
other known methods. This embodiment utilizes the ten-
dency of alkyl-cyanobiphenyl liquid crystals to self-as-
semble into ordered patterns of biphenyl molecules when
applied to HOPG. When applied to the HOPG surface,
or the aligning substrate surface, the self-assembled mol-
ecules align on the surface. Embodiments of the inven-
tion employ this tendency of the self-assembling mole-
cules to align into ordered patterns on the surface of the
aligning substrate. The method may further include a sol-
vent system used to create the solution of organic mol-
ecules. The surface shown is substantially planar, but
may also be non-planar, flexible, or of other orientations
depending on the application.
[0031] Referring to Figure 4, after the substituted alkyl-
cyanobiphenyl solution comes into contact with the align-
ing substrate 310 the alkyl-cyanobiphenyl solution self-
assembles into organic monolayers. The self-assembly
occurs rapidly, in a matter of seconds. The pattern formed
is seen on the surface of the aligning substrate 310. The
self-assembled organic molecules form an ordered pat-
tern where they line up, in pairs and form parallel rows,
A, B, having space d between them. The number and

lengths of rows formed will be limited by the size of the
aligning substrate, and could continue almost indefinite-
ly. Thus, this parameter can be controlled as well.
[0032] Biphenyl rings of the molecules align them-
selves over similar structures in the graphite layer. The
organic molecules bind to the aligning substrate surface
through weak Van der Waals forces. The functional
groups 420, show where the ends have been function-
alized with thiol (i.e., contain a thiol functional group).
[0033] As illustrated in Figure 4, the head groups align
with other head groups to form substantially uniform and
highly ordered rows, A, B, where the head groups pair-
up with each other. The tail groups pair up similarly to
define lateral space d, located between the rows. Accord-
ing to an embodiment of the invention, the width of each
row may be predetermined according to the head group
chosen. In addition, the lateral space d between the rows
can be predetermined by selecting a solution that will
form tail groups according to the desired space. In an-
other embodiment, the lateral spacing d can be further
modified by solvating the self-assembling molecules in
an alkane solvent. The alignment surface shown is sub-
stantially planar, but may also be non-planar, flexible, or
of other orientations depending on the application.
[0034] Referring to Figure 5, the next step is shown
after the self-assembling has taken place on the aligning
substrate 310. The side 520 of the aligning substrate 510
that contains the self-assembled organic molecules 530
is brought into direct contact with the target substrate
570. Target substrate 570 is shown with two layers, a
metal layer 540 over a base layer 550. An example of
such a configuration is a gold layer on top of silicon, which
may later be etched to form wires according to an em-
bodiment of the invention.
[0035] The target substrate and aligning surface
shown in Figure 5 is substantially planar. However, in
other embodiments, either could be non-planar or even
flexible. According to an embodiment of the invention,
arrays may be aligned on a non-planar or flexible surface,
then applied to a substrate. Likewise, the substrate could
be planar, non-planar, flexible or other orientation. Such
substrates can be accommodated for applying the align-
ment surface to the substrate surface to apply arrays of
components on the substrate surface.
[0036] Slight pressure may be applied to assure ade-
quate contact between the aligning substrate 510 and
the target substrate 570. In other embodiments, materials
such as palladium or platinum may also be used for a
target substrate surface in place of gold. The choice of
different target substrate surfaces would require alterna-
tive functional groups to facilitate the attachment of the
self-assembled molecules.
[0037] In this embodiment, each head of the organic
molecules would contain a thiol functional group provid-
ing a strong attraction to gold. Therefore, the functional
group of the head groups will be strongly attracted to the
target substrate surface 560 when brought into contact
with the target substrate 570. As another example, if plat-
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inum or palladium were the desired target substrate sur-
face, an isocyanate could be used as a functional group.
Other functional groups that may be used include cya-
nides, cyanates, isocyanides and other similar functional
groups. The functional groups are chosen based on their
ability to to attach to the target substrate surface after
the self-assembly of the molecules.
[0038] In Figure 6, the target substrate surface 560 is
shown after the aligning substrate 310 has been re-
moved. Examining one of the organic molecules, the
functional group 625 of the head group remains attached
to the target substrate surface 560, while the biphe-
nyl/alkyl end 610 of the molecule stands up from the sub-
strate surface 560. When the biphenyl/alkyl ends stand
up, the organic molecules form substantially perpendic-
ular lines directed away from the target substrate surface
560. A wider space d occurs where the tail groups were
aligned on the target substrate surface 560, defining the
distance between functional group 615 and functional
group 635. A relatively narrow space b occurs where the
functional groups of head groups align in pairs with func-
tional groups of other head groups. For example, the nar-
row space b defines the distance between the functional
group 615 and functional group 625. In practice, the
space b will be small in comparison to the wider space
d. Also, the proportions illustrated in Figure 6 and other
related figures are not necessarily representative of ac-
tual proportions in practical applications. For example,
the space b may be smaller than shown, as the functional
group pairs are more tightly packed in practice. According
to an embodiment of the invention, the choice of different
lengths of alkyl chains and solvents can be used to pre-
dictably control the spacing of the organic molecules in
the self-assembled monolayer arrays. The alkyl chains
provide steric separation of the head groups. By increas-
ing the length of the alkyl chain, the space d can be in-
creased. In practice, more layers could be added to the
surface 560 to create further three-dimensional struc-
tures or more complex patterns on the component.
[0039] As seen in Figure 7, the areas of the target sub-
strate 560that are not covered by the organic molecules
may be etched away, leaving two lines 120, 130 on the
base layer of the target substrate 570. The two lines 120,
130 have organic molecules attached. The organic mol-
ecules shown in Figure 7 attached to the two lines 120,
130 may be etched off providing the component 100
shown in Figure 1. In another embodiment, the self-as-
sembled monolayers can be used as seen in Figure 6 as
an ordered dielectric array atop the target substrate.
Thus, according to an embodiment of the invention, na-
noscale circuit materials and components can be formed
and their size and orientation can be substantially con-
trolled. In practice, more layers could be added to the
component to create further three-dimensional struc-
tures on the component.
[0040] If the organic molecules are used as a mesh to
make circuit wires (such as mesh over a gold substrate
layer formed over a base substrate, silicon, etc...), for

example, the width of the rows would define the width of
the resulting wires after the material occurring in the
space d, is etched away. The space d, would define the
space between the wires. As another example, the or-
ganic molecules may be used as a dielectric circuit com-
ponent, an array of dielectric lines. Such dielectric lines
would have a width that is equal to the width of the row
A or B, for example, separated by space d.
[0041] Referring to Figure 8, one process embodying
the invention is illustrated. Though this process is de-
scribed in the order of the steps illustrated in Figure 8,
the invention is not limited to the order of these steps. At
the Start of the process, a solution of organic molecules
is prepared in Step 800. As discussed above, a sample
of an organic molecule that has a tendency to self-as-
semble into ordered patterns is prepared. In one embod-
iment, the organic molecule used is an alkyl-cyanobiphe-
nyl liquid crystals. The invention is not limited to the use
of alkyl-cyanobiphenyls, but extends to molecules that
have a tendency to self assemble on an appropriately
accommodating surface. Examples are those that have
graphite-like subgroups that have a tendency to self as-
semble on a graphite surface, such as a HOPG surface.
Some examples of subgroups include phenanthrenes,
1,6-diphenylbenzene, and may include others.
[0042] As discussed above, in one embodiment, a thiol
functional group may be substituted for the cyano func-
tional group in step 800. The thiol is used to cause the
organic molecule to be attracted to gold. Thiol references
a class of materials that incorporate a thiol functional
group with one sulfur atom. Another example of a func-
tional group that could be substituted for the cyano is
isocyanate. Isocyanate references a class of material
that incorporates an isocyanate functional group. Isocy-
anate is attracted to platinum and palladium.
[0043] Next, in Step 810, a solution is applied to an
aligning substrate, wherein the organic molecules natu-
rally self-assemble into ordered patterns. As discussed
above, after the substituted alkyl-cyanobiphenyl solution
comes into contact with an aligning substrate, the alkyl-
cyanobiphenyl liquid crystals self-assemble into organic
monolayers. The self-assembly can occur rapidly, in a
matter of seconds. An example of a pattern formed is
seen in Figure 4 on the surface of the aligning substrate
410. When the organic molecule solution self assembles
on the aligning substrate, it forms monolayers composed
of organic molecules. Sell-assembled organic molecules
form an ordered pattern. The ordered pattern is formed
as the organic molecules line up in pairs and form parallel
rows. The organic molecules bind to the aligning sub-
strate surface through weak Van der Waals forces.
[0044] In Step 820, the aligning substrate is juxtaposed
with a target substrate. As discussed above, the next
step after the self-assembly has taken place is juxtapos-
ing the aligning substrate with a target substrate. The
side of the aligning substrate containing the self-assem-
bled organic molecules is brought into direct contact with
the target substrate. Slight pressure may be applied to
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ensure adequate contact between the aligning substrate
and the target substrate. In an alternate embodiment, the
surface of the target substrate is gold and the base layer
is silicon. Each head group of the organic molecules con-
tains a substituted thiol functional group that was chosen
for its strong attraction to gold. Therefore, the functional
groups of the head groups will become strongly attached
to the target substrate surface when brought into contact
with the target substrate. Materials such as palladium or
platinum may be used for a target substrate surface in
place of gold. The choice of different target substrate
surfaces would require different functional groups to fa-
cilitate the attachment of the self-assembled molecules.
[0045] In Step 830, the aligning substrate is separated
from the target substrate, leaving ordered patterns of the
organic molecule on the substrate surface. In Figure 6,
the target substrate surface 560 is shown after the align-
ing substrate has been removed. Examining one of the
organic molecules, the functional group 615 of the head
group remains attached to the target substrate surface
560, while the biphenyl/alkyl end 610 of the molecule
stands up from the target substrate surface 560. When
the biphenyl/alkyl ends stand up, the organic molecules
are directed away from the target substrate surface 560.
In practice, the choice of different lengths of alkyl chains
and solvents used in preparing the organic molecules
can be used to predictably control the spacing between
the organic molecules in the self-assembled monolayer
arrays.
[0046] Referring to Figure 9, an alternate process is
illustrated in a flow chart 900. The process begins at Step
902, and, in Step 904, organic molecules are prepared,
such as certain organic molecules that have a tendency
to naturally align under certain circumstances. In Step
906, the aligning organic molecules are applied to a sub-
strate where they self-assemble into an ordered layer. In
Step 908, it is determined whether an additional layer is
to be added. As discussed above, multiple layers may
be added upon one another according to an embodiment
of the invention. If more are to be added, the process
proceeds to Step 910, where the species are applied
preferentially to a specific functional group, or a species
in a previous ordered layer. The process loops back to
Step 908, and can loop a number of times according to
the number of layers desired. When no further layers are
to be deposited, the process goes to Step 912, where it
is determined whether the patterned layer, or possibly
the stack, is to be transferred to an alternate substrate.
If no, the process ends at Step 914. If yes, the process
proceeds to Step 916, where the ordered pattern is jux-
taposed on an aligning substrate with the alternate sub-
strate. Then, in Step 918, the process of separating the
aligning substrate from the alternate substrate is per-
formed, leaving the ordered pattern, or patterns, of layers
on the alternate substrate. Next, the process proceeds
to Step 920, where it is determined whether the pattern
would be used as a mask. If not, then the process ends
at Step 914. If yes, then structures are created in Step

922 on the alternate substrate using the transferred pat-
tern as a mask.
[0047] The resulting product from these processes can
be used as is, to create an ordered dielectric array atop
the target substrate, or it can be used as a mask layer to
create a complimentary pattern on a target substrate.
According to an embodiment of the invention, nanoscale
circuit materials and components, metal lines and die-
lectric structures, can be formed accordingly, and their
size and orientation can be controlled.
[0048] Embodiments of the invention have been de-
scribed with reference to a method and apparatus for
creating nanoscaled circuit components with monolayers
made with self-assembling organic molecules. It will be
appreciated by those skilled in the art, however, that the
invention has broader utility. Other embodiments may be
implemented according to the invention without depart-
ing from the scope of the invention, the scope of which
is to be construed in accordance with the following claims.

Claims

1. A method of creating an ordered monolayer of mol-
ecules on a substrate, comprising;
preparing organic molecules having a head group
and a tail group (800; 904);
applying the organic molecules to an aligning surface
(810; 906), the aligning surface comprising a mate-
rial which facilitates the head groups of the organic
molecules pairing with other head groups to form
laterally spaced rows on the aligning surface, and
the tail groups pairing with other tail groups to define
a lateral spacing between the rows;
contacting the aligning surface with the substrate
(820; 916); and
separating the aligning surface from the substrate
(830; 918), leaving the ordered monolayer of mole-
cules on the substrate.

2. A method according to Claim 1, wherein the aligning
surface is a surface of an aligning substrate (310)
and the surface of the aligning substrate comprises
graphite.

3. A method according to Claim 1, wherein preparing
includes preparing at least two different species of
organic molecules to each preferentially align to a
same specific feature on the aligning surface when
applied.

4. A method according to Claim 1, wherein preparing
includes preparing at least two different species of
the organic molecules to each preferentially align to
different ones of a plurality of features on the aligning
surface when applied.

5. A method according to Claim 1, further comprising
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utilizing the ordered monolayer of molecules as a
mask.

6. A method according to Claim 1, wherein the aligning
surface is highly ordered pyrolytic graphite.

7. A method according to Claim 1, wherein each of the
organic molecules have a functional group selected
to facilitate attachment of the organic molecules to
the substrate.

8. A method according to Claim 1, wherein the head
group has an aromatic ring.

9. A method according to Claim 1, wherein the head
group is biphenyl.

10. A method according to Claim 1, wherein the ordered
monolayer of molecules include substantially paral-
lel lines, and wherein the size of the tail group helps
determine lateral spacing between the parallel lines.

11. A method according to Claim 10, wherein preparing
the molecules comprises preparing a solvent system
having organic molecules therein, and wherein the
organic molecules used to prepare the solvent sys-
tem determines the lateral spacing.

12. A method according to Claim 7, wherein the func-
tional group of the organic molecules is chosen
based on processing requirements.

13. A method according to Claim 12, wherein the organic
molecules each contain a biphenyl subgroup.

14. A method according to Claim 12, wherein the organic
molecules each contain a thiol group and wherein
the substrate contains a layer of gold.

15. A method according to Claim 12, wherein the organic
molecules contains an isocyanate group as the func-
tional group, and the substrate contains a layer cho-
sen from one of platinum and palladium.

16. A method of creating a nanoscale structure compris-
ing a method according to Claim 12, wherein the
organic molecules contain an isocyanate group as
the functional group, and particles containing palla-
dium preferentially align to the surface along aligned
molecules according to their functional groups, and
wherein the substrate surface includes palladium.

17. A method of creating a nanoscale structure compris-
ing a method according to Claim 12, wherein the self
assembled organic molecule contains an isocyanate
group as the functional group, and particles contain-
ing platinum preferentially align to the surface along
the ordered isocyanate functional groups.

18. A method according to Claim 1, further comprising
solvating the organic molecules in an alkane solvent,
wherein the solvating process controls the lateral
spacing of the organic molecules.

19. A method according to Claim 1, wherein the organic
molecules each comprise substituted alkyl biphenyl.

Patentansprüche

1. Verfahren zum Erzeugen einer geordneten Mono-
schicht von Molekülen auf einem Substrat, umfas-
send:

Herstellen von organischen Molekülen, die eine
Kopfgruppe und eine Schwanzgruppe (800;
904) aufweisen;
Aufbringen der organischen Moleküle auf eine
Ausrichtungsoberfläche (810; 906), wobei die
Ausrichtungsoberfläche ein Material umfasst,
das erleichtert, dass die Kopfgruppen der orga-
nischen Moleküle mit anderen Kopfgruppen ge-
paart werden, um seitlich beabstandete Reihen
auf der Ausrichtungsoberfläche zu bilden, und
dass die Schwanzgruppen mit anderen
Schwanzgruppen gepaart werden, um einen
seitlichen Abstand zwischen den Reihen zu de-
finieren;
Kontaktieren der Ausrichtungsoberfläche mit
dem Substrat (820; 916); und
Trennen der Ausrichtungsoberfläche von dem
Substrat (830; 918), wobei die geordnete Mo-
noschicht von Molekülen auf dem Substrat
bleibt.

2. Verfahren nach Anspruch 1, wobei die Ausrichtungs-
oberfläche eine Oberfläche eines Ausrichtungssub-
strats (310) ist und die Oberfläche des Ausrichtungs-
substrats Graphit umfasst.

3. Verfahren nach Anspruch 1, wobei Herstellen ent-
hält, mindestens zwei verschiedene Spezies von or-
ganischen Molekülen herzustellen, um jede vor-
zugsweise mit einem gleichen spezifischen Merkmal
auf der Ausrichtungsoberfläche beim Aufbringen
auszurichten.

4. Verfahren nach Anspruch 1, wobei Herstellen ent-
hält, mindestens zwei verschiedene Spezies der or-
ganischen Moleküle herzustellen, um jede vorzugs-
weise mit verschiedenen einen einer Vielzahl von
Merkmalen auf der Ausrichtungsoberfläche beim
Aufbringen auszurichten.

5. Verfahren nach Anspruch 1, ferner umfassend, die
geordnete Monoschicht von Molekülen als eine Mas-
ke zu nutzen.
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6. Verfahren nach Anspruch 1, wobei die Ausrichtungs-
oberfläche in hohem Maße geordnetes pyrolytisches
Graphit ist.

7. Verfahren nach Anspruch 1, wobei jedes der orga-
nischen Moleküle eine funktionelle Gruppe aufweist,
ausgewählt zum Erleichtern der Anfügung der orga-
nischen Moleküle an das Substrat.

8. Verfahren nach Anspruch 1, wobei die Kopfgruppe
einen aromatischen Ring aufweist.

9. Verfahren nach Anspruch 1, wobei die Kopfgruppe
Biphenyl ist.

10. Verfahren nach Anspruch 1, wobei die geordnete
Monoschicht von Molekülen im Wesentlichen paral-
lele Linien enthält und wobei die Größe der
Schwanzgruppe hilft, den seitlichen Abstand zwi-
schen parallelen Linien zu bestimmen.

11. Verfahren nach Anspruch 10, wobei Herstellen der
Moleküle umfasst, ein Lösungsmittelsystem herzu-
stellen, dass organische Moleküle darin aufweist,
und wobei die organischen Moleküle, die zum Her-
stellen des Lösungsmittelsystems verwendet wer-
den, den seitlichen Abstand bestimmen.

12. Verfahren nach Anspruch 7, wobei die funktionelle
Gruppe der organischen Moleküle basierend auf
Verarbeitungserfordernissen ausgewählt wird.

13. Verfahren nach Anspruch 12, wobei die organischen
Moleküle jeweils eine Biphenyl-Untergruppe enthal-
ten.

14. Verfahren nach Anspruch 12, wobei die organischen
Moleküle jeweils eine Thiolgruppe enthalten und wo-
bei das Substrat eine Schicht aus Gold enthält.

15. Verfahren nach Anspruch 12, wobei die organischen
Moleküle eine Isocyanatgruppe als die funktionelle
Gruppe enthalten und das Substrat eine aus einem
von Platin und Palladium ausgewählte Schicht ent-
hält.

16. Verfahren zum Erzeugen einer Nanoskalenstruktur,
umfassend ein Verfahren nach Anspruch 12, wobei
die organischen Moleküle eine Isocyanatgruppe als
die funktionelle Gruppe enthalten und Partikel, die
Palladium enthalten, sich vorzugsweise mit der
Oberfläche entlang ausgerichteten Molekülen ge-
mäß ihren funktionellen Gruppen ausrichten und wo-
bei die Substratoberfläche Palladium enthält.

17. Verfahren zum Erzeugen einer Nanoskalenstruktur,
umfassend ein Verfahren nach Anspruch 12, wobei
die selbstanordnenden organischen Moleküle eine

Isocyanatgruppe als die funktionelle Gruppe enthal-
ten und Partikel, die Platin enthalten, sich vorzugs-
weise mit der Oberfläche entlang den geordneten
funktionellen Isocyanatgruppen ausrichten.

18. Verfahren nach Anspruch 1, ferner umfassend, die
organischen Moleküle in einem Alkan-Lösungsmittel
zu solvatisieren, wobei der Solvatisierungsprozess
die seitliche Beabstandung der organischen Mole-
küle steuert.

19. Verfahren nach Anspruch 1, wobei die organischen
Moleküle jeweils substituiertes Alkylbiphenyl umfas-
sen.

Revendications

1. Procédé de création d’une monocouche orientée de
molécules sur un substrat, comprenant les étapes
consistant à :

préparer des molécules organiques présentant
un groupe formant tête et un groupe formant
queue (800 ; 904) ;
appliquer les molécules organiques sur une sur-
face d’alignement (810 ; 906), la surface d’ali-
gnement comprenant une matière qui facilite
l’appariement des groupes formant tête des mo-
lécules organiques avec d’autres groupes for-
mant tête pour former des rangées latéralement
espacées sur la surface d’alignement, et les
groupes formant queue s’appariant avec
d’autres groupes formant queue pour définir un
espacement latéral entre les rangées ;
mettre en contact la surface d’alignement avec
le substrat (820 ; 916) ; et
séparer la surface d’alignement par rapport au
substrat (830 ; 918), en laissant la monocouche
orientée de molécules sur le substrat.

2. Procédé selon la revendication 1, dans lequel la sur-
face d’alignement est une surface d’un substrat d’ali-
gnement (310) et la surface du substrat d’alignement
comprend du graphite.

3. Procédé selon la revendication 1, dans lequel l’étape
de préparation comprend une étape consistant à
préparer au moins deux espèces différentes de mo-
lécules organiques à aligner respectivement de ma-
nière préférentielle par rapport à une caractéristique
spécifique identique sur la surface d’alignement lors-
qu’elles sont appliquées.

4. Procédé selon la revendication 1, dans lequel l’étape
de préparation comprend une étape consistant à
préparer au moins deux espèces différentes de mo-
lécules organiques à aligner respectivement de ma-
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nière préférentielle par rapport à des caractéristi-
ques différentes parmi une pluralité de caractéristi-
ques sur la surface d’alignement lorsqu’elles sont
appliquées.

5. Procédé selon la revendication 1, comprenant en
outre une étape consistant à utiliser la monocouche
orientée de molécules comme masque.

6. Procédé selon la revendication 1, dans lequel la sur-
face d’alignement est du graphite pyrolytique haute-
ment orienté.

7. Procédé selon la revendication 1, dans lequel cha-
cune des molécules organiques présente un groupe
fonctionnel sélectionné de manière à faciliter une
fixation des molécules organiques sur le substrat.

8. Procédé selon la revendication 1, dans lequel le
groupe formant tête présente un cycle aromatique.

9. Procédé selon la revendication 1, dans lequel le
groupe formant tête est constitué de biphényle.

10. Procédé selon la revendication 1, dans lequel la mo-
nocouche orientée de molécules comprend des li-
gnes essentiellement parallèles, et dans lequel la
taille du groupe formant queue contribue à détermi-
ner l’espacement latéral entre les lignes parallèles.

11. Procédé selon la revendication 10, dans lequel l’éta-
pe de préparation des molécules comprend une éta-
pe consistant à préparer un système de solvants pré-
sentant des molécules organiques en son sein, et
dans lequel les molécules organiques utilisées pour
préparer le système de solvants déterminent l’espa-
cement latéral.

12. Procédé selon la revendication 7, dans lequel le
groupe fonctionnel des molécules organiques est
choisi en se basant sur des exigences de traitement.

13. Procédé selon la revendication 12, dans lequel les
molécules organiques contiennent respectivement
un sous-groupe biphényle.

14. Procédé selon la revendication 12, dans lequel les
molécules organiques contiennent respectivement
un groupe thiol et dans lequel le substrat contient
une couche d’or.

15. Procédé selon la revendication 12, dans lequel les
molécules organiques contiennent un groupe iso-
cyanate en tant que groupe fonctionnel, et le substrat
contient une couche choisie parmi platine et palla-
dium.

16. Procédé de création d’une structure nanométrique

comprenant un procédé selon la revendication 12,
dans lequel les molécules organiques contiennent
un groupe isocyanate en tant que groupe fonction-
nel, et des particules contenant du palladium s’ali-
gnent de manière préférentielle par rapport à la sur-
face le long de molécules alignées, en fonction des
groupes fonctionnels de celles-ci, et dans lequel la
surface de substrat comprend du palladium.

17. Procédé de création d’une structure nanométrique
comprenant un procédé selon la revendication 12,
dans lequel la molécule organique auto-assemblée
contient un groupe isocyanate en tant que groupe
fonctionnel, et des particules contenant du platine
s’alignent de manière préférentielle par rapport à la
surface le long des groupes fonctionnels isocyanate
orientés.

18. Procédé selon la revendication 1, comprenant en
outre une étape consistant à dissoudre les molécu-
les organiques dans un solvant alcane, dans lequel
le procédé de dissolution commande l’espacement
latéral des molécules organiques.

19. Procédé selon la revendication 1, dans lequel les
molécules organiques comprennent respectivement
de l’alkylbiphényle substitué.
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